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Abstract 
The transfer of nucleons in hot-fusion reactions occurs within 0.17 yoctosecond , in a 
new state of nuclear matter. We suggest that the same state should show itself in an 
early stage of the phenomena occurring in nucleus-nucleus collisions realized at 
relativistic energies. 
PACS 25.70 Hi – Transfer reactions 
PACS 25.70 Jj – Fusion and fusion-fission reactions 
PACS  25.75. Ld – Collective flow 
 
1. Introduction 
In a recent communication devoted to the attempts made in the eighties by nuclear 
chemists to create heavy nuclei by transfer of heavy ions, in the hope of creating new 
heavy elements [1], we showed that a great resemblance exists between isotopic 
distributions encountered in cold-fission experiments [2,3], on the one hand, and in 
transfer reactions leading to trans-target nuclei [4-9], on the other hand; and we 
suggested that this resemblance proves that one and the same state of nuclear 
matter intervenes in both cases. This state, referred to as “nucleon phase” [10] ,has a 
so short lifetime, of only 0.17 yoctosecond (1 ys = 10−24 s) [11], that uncertainties in 
A, in Z, and in N remain attached to the final product. And we briefly pointed out that 
even transfer reactions leading to a complete fusion of projectile and target − such 
as those now used for the synthesis of superheavy elements, e.g. hot-fusion 
reactions [12,13]− show the same surprising diversity of reaction products, due to the 
same uncertainties in A, Z and N. 
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The present communication should have been devoted to a tentative answer to the 
question: 
“Could the existence of this new state of nuclear matter, put into evidence not only in 
fission but also in transfer reactions, have an impact on the investigation of the initial 
phenomena occurring in A/A collisions realized at relativistic energies?” 
In fact, this answer will be limited, 1°) to a more detailed study of the hot-fusion 
reaction, and 2°) to a first comparison of these initial phenomena with the hot fusion 
(Sects.2 and 3).And since many properties of the fission reaction, up to now not 
observed in the hot-fusion reaction, might nevertheless throw a new light on these 
phenomena, Sect.4 will be devoted to a recalling of the most intriguing properties of 
the fission reaction. 
2. An example of transfer reaction leading to the complete fusion of projectile 
and target. 
There are two kinds of fusion reactions, but they differ only in the choice of projectiles 
and targets. The “cold fusion” reaction [14] uses 
208
Pb or 
209
Bi targets and a massive 
projectile ( A≥ 50), whereas the “hot fusion” reaction [15] uses 
244
Pu, 
248
Cm or 
249
Cf 
targets and 
48
Ca projectiles. It is why we limit our discussion to the hot fusion. 
As an example of hot fusion reaction, let us consider the process: 
(1) 
48
Ca + 
244
Pu  →      
292
(114) 
leading to the formation of several flerovium isotopes  [13]. 
Indeed, precisely because this reaction is a transfer reaction, it cannot lead to a 
single product, but only to an “isotopic distribution”, as shown in ref.[1]. 
More precisely, this reaction cannot, at the same time, abide by the law of matter 
conservation, clearly respected in eq.(1), and the energy-time uncertainty relation, 
which plays a major role in any transfer reaction. Indeed, due to the uncertainty in the 
neutron number N imposed to the transfer product by the extreme brevity of the 
intermediary new state, a number of “prompt “neutrons must be emitted in the 
formation of the most probable transfer product [1,11]: On the contrary, the process 
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described by  eq.(1) clearly corresponds to the emission of zero neutron, as required  
by matter conservation. 
Let us show that the data reported by the authors of ref.[13] precisely suggest an 
“isotopic distribution” represented by a Gaussian curve having a full width at half 
maximum (fwhm) of about 2.54 atomic mass units (u), as expected for a transfer 
reaction: 
According to Oganessian et al. [13], the greatest yield of the fission reaction has 
been observed in the configurations given by the following eqs. (2) and (3): 
(2) 243MeV – 48Ca + 244Pu   
                                            → 
289
Fℓ + 3n (2 events) 
                                            →
288
 Fℓ + 4n (7 events) 
(3) 250MeV – 48Ca + 244Pu  
                                            → 
289
Fℓ + 3n (1event) 
                                            →
288
 Fℓ + 4n (4 events) 
Eq.(3) and eq.(1) suggest a Gaussian yield curve, which is centered on  = 288.20, 
i.e.  on the neutron number  = 174.20 as shown in fig.1. Eqs. (2) and (1) would lead 
to almost the same yield curve, but centered on = 288.22 (i.e on  = 174.22). 
One sees that at Ebeam = 250 MeV the most probable number of emitted prompt 
neutrons should be  = 3.80, but would be  = 3.78 for the data corresponding to 
Ebeam = 243MeV. 
Fig.1 allows the following conclusion: The hot fusion reaction leading to the flerovium 
isotopic distribution represented in this figure is a transfer reaction occurring within a 
new state of nuclear matter which has a lifetime of about 0.17 ys, and which cannot 
be distinguished from the state occurring in the rearrangement step of nuclear fission 
and in the transfer reactions leading to trans-target isotopes as reported in ref.[1]. 
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Fig.1: Suggested yield curve for the flerovium isotopes (Z=114) formed in the collision 48Ca + 
244Pu  at Ebeam = 250 MeV 
 
As expected, the width of this yield curve is really about 2.14 u, a measure of the 
uncertainty in N resulting from the uncertainty law. 
This yield curve proves the great diversity of the products of the hot fusion reaction 
represented by eq.(1). Indeed, it shows, for example, that the expected yield of the 
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isotope 
287
 Fℓ – which has been observed only at 257 MeV, and only in one event, 
according to refs. [12,13]− is in fact almost as great as the reported yield of 
289
 Fℓ. 
In fact, this diversity is even greater than shown by fig.1, because, as a consequence 
of the uncertainty in Z (of the order of 1.637 u [11]), the competition of products with 
Z = 113 and Z = 115 cannot be excluded. Even more, this diversity should appear too 
in the spontaneous-fission phenomena accompanying the alpha-decay chains of the 
fusion products. And this diversity might result not only from the fission of extra 
“heavy target-like transfer products” – as recently suspected by Heinz et al. [16] − but 
also from the hot fusion process itself, due to its complex isotopic distribution. 
The name of evaporation residue, up to now given to the fusion product, is not quite 
appropriate, since it suggests that the neutron emission results from an evaporation 
caused  by an energy increase, whereas it is caused by the lifetime of only 0.17 ys of 
the nucleon phase. 
 
3. Comparison of A/A collisions with the hot fusion 
“Can a resemblance exist between the transfer reactions occurring in lead/lead, or 
gold/gold, or even p/p collisions realized at relativistic energies, and those occurring 
in fusion reactions such as those used for the synthesis of superheavy elements?” 
This question may at first sight appear too daring, because the intriguing collective 
flow [17] which develops in what has been called a quark-gluon plasma [18] is now 
investigated in several places at collision energies going from 1 A GeV to 2.76 A TeV 
[19,20]; on the contrary, the synthesis of superheavy nuclei realized e.g. at Dubna 
does not require beam energies exceeding one GeV. 
However, if the lifetime of the new state occurring in transfer reaction is considered 
as an uncertainty in time, then, according to the energy-time uncertainty relation, to 
this ∆t corresponds a possible energy-release of up to 3.87 GeV. And this energy, 
does not notably differ  from the energy-density postulated for the “fireball”, namely ~ 
3.85 GeV according to the authors of ref.[19]. It is a first point. 
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Moreover, important “fluctuations” have been reported to exist in the dense hadronic 
matter of the fireball [20,21]. But these fluctuations might be related to the 
uncertainties in A, Z and N resulting from the brevity of a transfer reaction and 
amounting to 4.175 u for ∆A, to about 1.64 u for ∆Z and to about 2.54 for ∆N [11]. It 
is a second point. 
And the threshold energy, where a quark-gluon plasma might just be created, is 
perhaps situated at lower energies. 
In fact, new colliders, which aim at reaching this threshold, are now under 
construction [22]. It is a third point. 
 
4. Comparison with the reaction of fission. 
It may be asked too whether properties of the nucleon phase other than those quoted 
above have been observed in the fission reaction and might play a role in the 
medium of the fireball. 
4-A The first of these properties is the character particularly “easy” of the nucleon 
transfer within the nucleon phase. Indeed, it can be shown that part of the nucleons 
released in the destruction of the 
208
Pb core present in any fissioning system are 
transferred to the primordial cluster within a time that might be even shorter than 0.17 
ys. 
For example, in the neutron-induced fission of 
239
Pu, part of the 82 nucleons 
released in the process 
(4) 
32
Mg + 
208
Pb →   
32
Mg + A = 126 nucleon core + 82 free nucleons 
are transferred so rapidly to the 
32
Mg cluster and form with it so rapidly an A = 82 
nucleon core, according to 
(5) 
32
Mg + 82 free nucleons →  A = 82 nucleon core + (82-32) free nucleons 
that the light-product yield, in the region of “far-asymmetric fission” [23] extending 
from the A-value of the cluster, i.e. A = 32, to A = 82, is extremely low. And an 
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exceptionally simple correlation between the logarithm of the yield and the fission 
energy has been found to hold in this region [24]. 
4-B The second of these properties is the apparent disappearance of any proton 
charge during 0.17 ys. 
This situation is clearly demonstrated by the creation of the two nucleon cores made 
of 126 and 82 nucleons: In the rearrangement step of the fission reaction, the 
neutron shells and the proton shells, which coexist in ordinary nuclear matter, 
suddenly disappear and are replaced by a new kind of shells, which are closed at the 
two magic mass numbers 126 and 82. And such a situation necessarily results from 
the disappearance of any proton charge, since the only difference between the 
“proton phase” and the ”neutron phase “  of ordinary nuclear matter was the 
presence, in the first one, of an additional potential to that resulting from the spin-orbit 
coupling [25]. This additional potential is precisely the Coulomb potential which is due 
to these proton charges. It is why the medium constituting the “new phase” seems to 
be made of ”neutrons” but has been provisionally called “nucleon phase”[10], the 
word nucleon being there taken in the sense once given by W. Heisenberg to  a 
particle which can become either a proton or a neutron [26]. 
It may be asked whether this disappearance of any proton charge is responsible for 
the easy nucleon transfer. 
In addition to the theoretical arguments quoted above, there exists an experimental 
fact requiring the existence of a medium exclusively made of “nucleons”: It is the law 
of K.F. Flynn et al. [27], saying that the mean mass of the light fission product 
increases linearly with the mass of the fissioning nucleus. And this situation can be 
explained only if one assumes that the formation of any light fission product requires 
the transfer of an, on average, constant number of nucleons from the 
208
Pb 
primordial core to the cluster. This number is 68 [23] –if the emission of prompt 
neutrons is neglected−: It means that the medium constituting the nucleon phase is 
exclusively made of the transferred nucleons, and of hard cores made of nucleons. 
Any charge is absent – or masked−. 
Let us recall that this “nucleon phase” model explains not only the mass distribution 
of the asymmetric fission mode and of the symmetric fission mode [28,29] , but also 
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the rare “collinear ternary” fission mode recently discovered by Yu.V. Pyatkov et al. 
[30,31]. 
 
4-C  The properties reported in the preceding Sects. 4A and 4B can be summarized 
like this: the nucleon phase is essentially the speedy setting up of an overall 
structure. But, in these conditions, how can the astonishing diversity of the fission 
products, in particular their various Z- values, be created ? 
We have already shown in Sect.2 how the emission of prompt neutrons allows the 
creation of isotopic distributions centered on the most probable value  of N. But the 
creation of products having different values of Z , distributed around the most 
probable  value of the atomic number, should require the emission of prompt  
protons. In a nucleon phase, where any proton charge has disappeared, and which is 
made of nucleons, i.e. of virtual neutrons or protons, it is reasonable to assume that 
the prompt protons are, in reality, emitted as prompt neutrons, and that the proton 
charge of the products appears only at the end of the nucleon phase. Thus the 
measured prompt neutron yield should represent the sum of that corresponding to 
the formation of isotopes and of that corresponding to the formation of isotones… 
 
5. Conclusion 
We have shown that the isotopic distributions created in hot fusion reactions are 
characterized by the same width at half maximum than that observed in all 
distributions of isotopic trans- target products of transfer reactions. It means that the 
hot fusion products are formed in the same new state of nuclear matter, having a 
lifetime of only 0.17 ys. 
It is tempting to conclude that the same state of nuclear matter of 0.17 ys is 
essentially created in the initial state of lead/lead or gold/gold or even proton/ proton 
collisions at relativistic energies, because these collisions are transfer reactions 
leading to a complete fusion. The energy density of about 3.85 GeV reported for the 
fireball [19] corresponds almost exactly to that of the nucleon phase. The lifetime of 
the fireball should also be of  ~ 0.17 ys  And the dense hadronic matter created in 
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these collisions should present density fluctuations equal to the expected 
uncertainties in the A-, Z- and N- numbers. 
But the study of the fireball might furnish new information on the properties of this 
new state of nuclear matter, for example on the intriguing disappearance of the 
proton charge in the nucleon phase. Might a collective interaction with W+ and W − 
boson fields intervene [32] ? For all these reasons a new investigation of the initial 
state [22] of the fireball is desirable. 
The dominant role played in the nucleon phase by the energy-time uncertainty 
relation raises several questions. For example, is it satisfactory to refer to a relation 
which is itself seriously considered as “not firmly founded”? 
Anyway, new keys have to be found for a deeper investigation of the true nature of 
the fireball at relativistic energies. 
It will be the aim of our next communication. 
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